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Introduction 
Non-linearity involved in transistor equations poses serious challenges in constructing numeri- 
cal solutions by using the available numerical techniques. This problem has been studied by 
many people without much success [1,2]. The author has also tried to obtain solutions to these 
equations using existing numerical techniques without any success. Therefore an alternative 
numerical technique is developed in this note which enables us to obtain radial solutions to 
transistor equations subject to some initial conditions. No solutions are yet available under the 
completely general set up. The techniques presented in this note appear to be very helpful in 
developing numerical techniques to solve transistor equations on general regions. 
Computational analysis and a numerical algorithm 
The system of ODE’s is as follows: 
u” + +u’ - eU-” + e”-” + k = 0, 
u”+fu’+-2+‘=0, w” + $ - (w’ - u’)w’ = () 
forO<r< cc in Iw*, where 
24 = u(r), u’= du/dr, u” = d*u/dr*, 
u = u(r), v’ = dv/dr, v” = d*v/dr*, 
w = w(r), W’ = dw/dr, w“ = d*w/dr*, 
(1.1) 
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and subject to the following conditions 
u(1) = 0, u’(l) = s,, 
u(l) = 0, u’(1) = 6,, 
w(1) = 0, w’(1) = 6,. (1.2) 
The algorithm presented in this note computes approximate solutions of (Ll), (1.2) and help one 
to make the following observations. The approximate solutions u, u and w blow up at finite 
values of r. These blow ups occur inside and outside of the unit disc and the values of r where 
these blow ups occur depend on the values of S,, 8, and 6,. We strongly believe that there is a 
theoretical basis for blow ups of solutions u, u and w of (l.l), (1.2). The main purpose in this 
note is to conduct numerical study towards this phenomenon and obtain approximate solutions. 
In [3] theoretical and numerical study has been made for quasi linear differential equation with 
weak diffusion, which supports our belief for a theoretical basis for blow ups of the solutions u, 
u and w of (Ll), (1.2). 
Now we describe integral solutions and a numerical algorithm to compute approximate 
solutions of (l.l), (1.2). 
Rewritting (1.1) as 
yu” + u’ = r(e’-” - eweu - k), 
v” + 
i 
1 
- - u’ + 24’ u’ = 0, 
i i 
1 w”+ -- w’ + u’ w’ = 0, 
r r 1 
which further can be written as 
iru’)’ = r(e”-” - ewpu - k), 
r eu-” 1 1 u) =o, ( r e”-“w’)’ = 0. 
Integrating (1.4) twice and using conditions (1.2), we obtain 
u(r) = /;r+ (6, + /;‘s(eU-’ - e”-’ - k) ds) dt, 
u(r) = G,~ife”” dt, w(r) = G,i’fe”‘-“dt. 
(l-3) 
(14 
(1.5) 
Using (1.5) an algorithm may now be developed as follows: 
Algorithm. Choose initial guesses u”, u” and w” and the value of h mesh size (which can be 
made to vary inside the iteration). 
A. For M = 1, 2,. . . . 
N= 1, 
u(N) = 0, 
tmpu( N) = 0, 
u(N) = 0, 
w(N) = 0; 
B. N=N+l, 
r=l+(N-l)h, 
F(r) = r(exp((u - u)(r)) - exp((w - u)(r)) - k), 
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tmpu( r) = tmpu( r - h) + hF( rl), 
where rl = r - ih 
u(r) = u( r - h) + h/2[(deltal + tmpu( r - h))/(r) h) + (delta1 + tmpu( r))/r], 
G(r) = delta2 exp(( u - u)( r))/r, 
u(r) = u(r - h) + h/2[G(r - h) + G(r)], 
H(r) = delta3 exp(( w - u)( r))/r, 
w(r) = h/2[H(r - h) + H(r)], 
test for singularity, 
if not go to B, 
if yes go to A, 
stop, 
end 
The above algorithm can be used to solve systems of second order initial value differential 
equations with some modifications. At each iterations it needs only CN number of multiplication 
operations to compute approximate solutions U, U, W, where C is a constant and N is the mesh 
size between 1 and the value of r where at least one of the approximate solutions U, u, w starts 
blowing up. Therefore the algorithm presented in this paper is a fast and stable scheme to solve 
Fig. 1. 
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Table 1 
Values of r outside the unit disc where the solutions u, u, w of (1.1) (1.2) start blowing up 
6, 62 4 r U V W 
0.01 0.05 0.001 2.6 -6.4 0.07 0.01 
0.1 0.05 0.01 2.61 -6.4 1.07 0.14 
1.0 0.025 0.2 2.8 - 5.02 0.126 2.71 
2.0 0.025 1.0 2.8 -1.61 0.025 3.98 
10.0 5.0 1.0 1.7 6.8 0.7 0.11 
7.0 1.0 10.0 1.16 1.0 0.1 2.7 
8.0 10.0 2.0 1.18 1.28 2.64 0.25 
Table 2 
Values of r inside the unit disc where the solutions u, u, w of (l.l), (1.2) start blowing up 
6, 62 63 r u V W 
0.01 0.05 0.001 0.06 - 4.4 -1.74 - 0.037 
0.1 0.05 0.01 0.08 - 4.06 - 0.86 - 0.241 
1.0 0.025 0.2 0.12 - 5.63 - 1.12 - 2.87 
2.0 0.025 1.0 0.16 - 6.39 - 1.93 - 10.73 
10.0 5.0 1.0 0.5 - 8.04 - 7.08 - 5.48 
7.0 1.0 10.0 0.32 - 9.16 - 7.02 - 9.32 
8.0 10.0 2.0 0.4 2.5e + 34 - 7.96 - 6.35 
> 
Fig. 2. 
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initial value problems. Similar algorithms can also be designed to solve boundary value 
problems. 
Algorithm is applied to solve (l.l), (1.2) for different values of a,, 6, and 8,. In Tables 1 and 2 
we present the values of Y where approximate solutions u, u and w of (1.1) (1.2) start blowing 
up. Figures 1 and 2 show that the iterative solutions converge, and therefore the exact solutions 
u, u and w of (1.1) (1.2) also blow up for some finite values of r. Figure 1 represents 
approximate solutions 24, u, w of (1.1) (1.2) with 6, = l., 6, = 0.025 and 8, = 0.2. From this 
figure we observe a rapid convergence of iterations, which reflects the effectiveness of the 
algorithm presented in this paper. Figure 2 represents approximate solutions u, u, w for 8, = 2., 
8, = 0.025 and 8, = 1. We also notice from Fig. 1 and 2 that solutions u, u and w start blowing 
up for finite values of r inside and outside the unit disc. Methods such as finite element and 
finite difference do not evaluate approximate solutions U, u, w in a neighborhood of r where at 
least one of the solutions U, u, w blows up, because of the exponential non-linearity involved in 
these equations. In this respect integral methods have an advantage over finite element and finite 
difference methods. Furthermore the error caused by integral computations is evenly distributed 
at each mesh point, which makes these methods more stable. Therefore, the methods suggested 
are successful in handling equations with higher degree of non-linearity. 
Summary 
It is clear from the above analysis that to solve transistor equations on general regions we need 
to develop algorithms based on integral methods. Finite difference and finite element methods 
accumulate too much error at each iteration and therefore do not help compute approximate 
solutions. This is why previous studies have failed to produce any kind of solutions of transistor 
equations on general regions. 
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